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This paper by Madhusoodanan applies the variance ratio tests under the null hypotheses of homoscedasticity as well as heteroscedasticity, to the Indian stock market. The tests are conducted at the aggregate level of market indices and disaggregate level of individual stocks. The results indicate that random walk hypothesis cannot be accepted in the Indian market. Both the market indices the author tested showed persistent behaviour, while most of the individual stocks also showed evidence on persistence. The variance ratios were significant under heteroscedasticity in most of the cases where it was significant under homoscedasticity assumption. This implies that heteroscedasticity does not play a major role in the Indian market.
Traditionally, the stock market has been considered as efficient, as the analysts feel that the prices reflect all the information available about the future prospects of the asset. Recently, however, several authors have started questioning the validity of the efficient market hypothesis. They have come up with several systematic patterns available in the movements of the stock prices. The present study focuses on one of these anomalous behaviour of the stock prices, namely, the mean reversion, in the Indian market.
The ones who analyze the past data -the 'feedback traders' -believe that if the returns have been high in the recent past, then they would be high in the future also. In other words, they feel that price increases will be followed by price increases and decreases will be followed by decreases. If an increase is expected, they start buying, pushing up the prices beyond sustainable levels. But when they realize that the future performance was against their expectation, they turn sellers and this will bring back the prices to normal levels. This kind of price reversals following an overreaction of the market is known as mean reversion.
The mean reverting tendency of stock market prices is a relatively new concept in the field of stock market theories, but there is a vast literature on the subject. The study of the concept of mean reversion and overreaction in the stock market started with the work of De Bondt and Thaler (1985) . They argued that investors in the stock market systematically overreact to new information, particularly the ones relating to the earnings. This has further been reiterated by them in subsequent studies Thaler, 1987, 1990) . Poterba and Summers (1988) , using variance ratio tests, concluded that the US stock market prices are mean reverting. Fama and French (1988a) also supported mean reversion theory in the US markets, decomposing the stock returns into permanent and temporary components. When dividends are used to measure fundamental values, Fama and French (1988b) concluded that US markets are mean reverting, using regression techniques. Campbell and Shiller (1988) found that prices are mean reverting, using dividends and earnings to measure fundamental values. Lo and MacKinlay (1988) also use variance ratios to find out the permanent and temporary components in stock returns, and present evidence against random walk model. They proposed a test statistic which is robust under the heteroscedastic random walk hypothesis. An extensive Monte-Carlo investigation has been conducted by Lo and MacKinlay (1989) to find out the size and power of 'these tests in finite samples. They found that under heteroscedastic random walk null, the variance ratio test is more powerful than the Dickey-Fuller and Box-Pierce tests. Cochrane (1988) tried to find out the extent of random component in GNP using the variance decomposition technique. A variance decomposition for stock returns was done by Campbell (1991) who argues that the expected stock return changes through time in a fairly persistent fashion. Black (1990) , Cecchetti, Lam, and Mark (1990) , and Cutler, Poterba, and Summers (1990) also find evidence for the mean reverting tendencies of the US stock market returns.
MacDonald and Power (1991) tested the UK stock market for the permanent and temporary components, using variance ratio test and rescaled range statistic. They used the aggregate level of industry indices and disaggregated level of companies for the analysis and conclude that UK stock returns are mean reverting. MacDonald and Power (1992) and Mills (1993) show that mean reversion does not seem to be present in the UK stock market. The overreaction in the Brazilian stock market is studied by da Costa (1994) and is found to be in the affirmative. Ayadi and Pyun (1994) tested the Korean market using variance ratios and observe that Korean market is following a random walk model, when heteroscedastic disturbance terms are assumed, but reject the random walk hypothesis under the assumption of homoscedastic error terms. Jog and Schaller (1994) apply variance ratio test to the Canadian markets and find out that finance constrained firms show more evidence of mean reversion.
The early studies on the Indian market have supported the market efficiency theories at least in the weak sense. Barman and Madhusoodanan (1993) used variance ratio test to find out the temporary and permanent components in the stock market. They mainly used the data on aggregate level of industrywise indices and conclude that, in general, Indian market is also mean reverting. The overreaction hypothesis, using the winner-loser effect suggested by De Bondt and Thaler, has been tested by Madhusoodanan (1995) who concludes that Indian market is overreacting. According to the study, the strategy of purchasing loser shares and short selling winner shares would be able to generate an excellent arbitrage return in the Indian case. In this paper, we try to analyse the mean reverting tendencies in the Indian stock market using the data for the disaggregated level of companies and aggregate level of two market indices. We will be using the variance ratio test for the purpose.
Methodology
The methodology we are going to use is the one suggested by Lo and MacKinlay (1988) . This variance ratio test takes into account the possible heteroscedasticity in the disturbance terms. Also, this is more powerful than the other techniques of testing the random walk and autocorrelations such as unit root tests and Box-Pierce tests.
Variance Ratio Test
We define the return from the stock market as the continuously compounded return. The methodology we use in this study is explained briefly in what follows. Let X t denote a stochastic process satisfying the following recursive relation:
where |J is an arbitrary drift parameter and the random disturbance term e t has a zero mean and a zero autocovariance, E[e ( e t k ] = 0, for any nonzero k. Under the assumption that the increments are uncorrelated, this is a random walk with a drift parameter \i. Under the random walk hypothesis, the variance of X increments must grow linearly with the size of the interval. That is, consider a qth lag difference of X ( , where q is any integer greater than one. The ratio of the (l/q)th of the variance of (X t -X (i ) to the variance of (X t -X t _ t ) is equal to one. As long as the increments are uncorrelated, this relationship holds asymptotically even in the presence of heteroscedasticity.
Suppose that one obtains nq+1 sample observations, (X (/ X v . . . , X ) of the log of the stock prices. The variance ratio of q observations, VR(q) is defined as, where o_ 2 (q) is an unbiased estimator of 1/q of the variance of the qth difference of stock price and o 2 (q) is an unbiased estimator of the variance of the first difference of stock price. In other words, o.
: (q) is the variance of the q period returns and o : (q) is the variance of the single period returns. More specifically, where, m = q (nq-q-1) (1-(q/nq)) with p. = (1/nq) (X nq -X Q ). Cochrane (1988) shows that this variance ratio is asymptotically equivalent to a weighted sum of serial autocorrelation coefficient estimators such that:
where r(j) is the estimator of jth autocorrelation coefficient.
This definition indicates that variance ratio can be interpreted as a summary statistic involving the autocorrelations up to a reasonably large lag, instead of the usual autocorrelation tests, which consider them at lags near zero. Thus, it is much more powerful than the usual tests of random walk models, such as Dickey-Fuller and Box-Pierce tests.
The standard Z test statistic for testing the equality of VR(q) to be unity is :
Lo and MacKinlay's revised statistic for the test of heteroscedasticity is :
where <|)*(q) is the asymptotic variance of the variance ratio that is consistent with the null hypothesis of heteroscedasticity and is a weighted sum of the variances of r(j), denoted by 6(j), for j = 1, 2, . . . , q-1. The consistent estimate of <t>*(q) is given by:
where,
Under the random walk hypothesis, the values of the estimators of a.
2 (q) and O" a 2 (q) should be very close to each other. Thus, the random walk test is a test to find out how far the difference between these two are significant, or testing the equality of the variance ratio to be one. The above two test statistics z(q) and z*(q) test this under the null hypothesis of homoscedasticity and heteroscedasticity respectively.
Analysis of the Results
We have analysed the movements in the stock prices using the methods discussed above. The study has been carried out using aggregate level of market indices and disaggregated level of individual companies. The weekly data on 120 stocks traded on the Bombay Stock Exchange (BSE) and two market indices, BSE sensitive index of 30 stocks and BSE national index of 100 stocks are taken for the analysis. The data pertain to the period from January 1987 to December 1995. Both the indices are value-weighted market indices.
The results of the tests we have discussed in the earlier sections will be analysed here and we first present the results pertaining to the BSE indices. We have calculated the autocorrelations up to lag 208 and the autocorrelations which are significant along with the lags are presented in Table 1 . It can be seen that for both the indices, they are positive for lower lags and negative for higher lags. But, there is no autocorrelation which is significantly different from zero for lags beyond 137 and the number of significant autocorrelations is more in case of national index. All the lags significant for sensitive index are significant for national index also. The negative autocorrelations indicate that, in the longrun, increases in the stock prices might be followed by decreases rather than increases. In otherwords, the autocorrelations indicate the possibility of longrun mean reverting tendencies of the Indian stock market. Now we try to understand whether these autocorrelations are important enough to make the variance ratios significantly different from unity. We use equation (2) for estimating the variance ratios. The variance ratios as well as the test statistics under the assumptions of homoscedasticity and heteroscedasticity are estimated. The results at the aggregate level of indices are given in Table 2 , which indicates that the variance ratios are significantly different from one up to lag 52, and beyond 52, they are not significant. These results are true under the assumption of heteroscedasticity also. Thus, the non-random behaviour of the market is not because of the heter oscedasticity, but because of genuine autocorrelations. . 23, No. 4, October -December 1998 64 Vikalpa The main difference between the results got by our study and most of the studies on other markets is that the effect of heterscedasticity does not seem to be much in the Indian market. In most of the studies on other markets, they have found that variance ratios were significant under the homoscedasticity assump tions, but became insignificant when heteroscedasticity is taken care of. This indicated that the rejection of the assumption of random movements in the stock prices was mainly because of heteroscedasticity and spurious correlations. In the Indian context, our study indicates that the random walk hypothesis cannot be accepted even under heteroscedasticity assumptions. This implies that the dependence of the stock prices on the past are due to true autocorrelations and not because of heteroscedasticity as i s found out in other markets. It may be observed that all the lags significant under homoscedastic assumptions were significant under heteroscedasticity also. The values of the test statistic were considerably lower under heteroscedasticity assumption compared to the homoscedasticity assumption. However, the dependence is only up to a year and beyond that, it may not help in any manner. This short-term and long-term dependence of the stock price movements indicates predictability and hence the market is not efficient even in the weak sense.
Vol
The test has been conducted at the disaggregated level of individual companies and most of them have got significant autocorrelations, beyond four lags. Only one company shows all insignificant autocorrelations. There are only 24 stocks where the first lag autocorrelation is insignificant. The autocorrelations at lower lags, wherever they are significant, all are positive. At higher lags, most of them have negative autocorrelations. The variance ratios as well as both the test statistic are estimated and presented in Exhibit 1. The number of companies having variance ratios significantly different from one under both the conditions is given in Table 3 . It indicates that the variance ratio was different from one in most of the cases, in the shortrun up to a quarter. This implies that beyond a quarter, random walk cannot be ruled out in the Indian market. But this short-run dependence could be made use for identifying profitable investment strategies. Beyond one year, variance ratios are significant only in very few cases. It could also be noted that the effect of heteroscedasticity does not seem to be much in the Indian market. This is evident from the fact that the number of significant variance ratios does not come down very much under the heteroscedasticity null. Since the number of significant variance ratios beyond a year was not many, we have presented them only up to q=52 in Exhibit 1. The company level variance ratios indicate that, in the case of one company, the autocorrelations of the returns were not significant for any of the lags, and obviously none of the ratios was also not significantly different from one. Even though there were significant autocorrelations at different lags, the variance ratios were not significant for any q, in case of 16 out of 120 companies. This means that the movements in the prices of these scrips were random and hence trying to predict the share prices using any technique could not have produced good results. But it says that predictability is there in the movements of the prices of more than 85 per cent of the stocks. There were only 17 cases where the variance ratios were less than unity at lag 52, but none of them was statistically significant. At lag 52, 38 out of the 120 variance ratios were significant, all of them being greater than one. Out of this 38, only four became insignificant under heteroscedasticity assumption. This indicates persistence, which means that the major part of the changes in the stock prices are permanent in nature. That is, it could be interpreted as an indication that price movements in the Indian market are mainly because of fundamental reasons.
Concluding Remarks
Though the stock markets are considered as efficient markets and a number of major stock market theories is built around the efficient market hypothesis, re cently, it has come under severe attack. Several researchers, academics as well as practitioners have come up with different kinds of patterns which continue to exist even after the detection of these anomalies, indicating the possibility of inefficiency of the stock market. One of the recent additions to this anomalies literature is the mean reversion and overreaction of stock prices. These researchers argue that investors tend to overreact to information about the company, particularly the ones relating to the earnings, and hence it will revert back in the future.
In the present study, we have analysed the mean reverting tendencies of the Indian stock market. We test it under the null hypotheses of homoscedasticity as well as heteroscedasticity. We have used the technique of variance ratios to test the mean reversion behaviour. There are a number of autocorrelations significant at different lags, and most of them at higher lags are negative. This indicates the possibility of long-term mean reversion in the Indian stock market. The variance ratio test suggests that at the aggregate level of BSE sensitive and national indices, the random walk hypothesis cannot be accepted, and the movements appear to be persistent. From the analysis, it could be argued that heteroscedasticity does not seem to be playing an important role in the Indian stock market.
At the disaggregated level of individual stocks, all of them except one show significant autocorrelations, positive at lower lags and negative at higher lags. The variance ratios were significantly different from one for a vast majority of the cases. Only 16 out of 120 stocks show random behaviour. The persistent behaviour shown by the market indices has been shown by a majority of the individual stocks also. Here also, most of the variance ratios were insignificant beyond a lag of one year. However, from the present analysis, we cannot conclude anything about the long-term persistent nature of the Indian market. We will require a longer series of data for making any conclusion beyond four years, and we defer it for a later stage.
The persistent behaviour of the Indian stock market points to the possibility of the applicability of Chaos theory and Fractal market analysis. A preliminary study of the application of Chaos and Fractals shows Indian market to be Chaotic and the cycle length to be around five years [See Daterao and Madhusoodanan 1996] . We intend to pursue this possibility in the future research, by applying the rescaled range analysis on a longer series of data. 
